ABSTRACT -The objective of the study was to investigate milk yield and eating behaviour of crossbred goats, German Improved Fawn × Hair crossbred (GIF) and Saanen × Hair goats (S), in subtropical eastern Mediterranean climate of Turkey during early summer season. Eight GIF and eight S goats were individually housed in 1.5 × 1.5 m pens. Diurnal eating patterns were monitored by a system that recorded meal size and meal length. Milk yield (kg/day) was 1.77 in GIF and 2.0 in S goats, whereas milk production efficiency (kg feed/kg milk) was 1.15 in GIF and 1.07 in S goats. The differences between GIF and S goats in eating behaviour parameters were significant: the S goats had higher meal size and meal length and longer inter-meal interval, meal time, and eating rate within in each meal, but lower number of meals in comparison with GIF goats. German Improved Fawn × Hair crossbred and Saanen × Hair goats have similar lactation performance under good nutritional condition, but their eating behaviours are quite different.
Introduction
The feed intake capacity affects milk yield. Total feed intake is the outcome of meal size, meal duration, and interval between meals, which may also affect whether digestive disorders will be developed (Abijaoude et al., 2000) . The eating behaviour provides a possibility to study factors that influence animal decision of what to eat and how much to eat (Meier et al., 2012) . Goats are intelligent animals and, under free grazing and browsing of natural habitats, they select a mixed diet, which provides optimization of their nutritional needs and effective utilization of the natural resources (Silanikove et al., 2000a) . Gipson et al. (2007) provided an example in which eating behaviour affected total intake: feed characteristics (pelleted vs non-pelleted) increased total feed intake through the increase in meal duration at a similar rate of dry matter intake within meals. Over the last decade, an effort was made by the Turkish breeders to improve the production level of local breeds by crossbreeding them with Saanen (S) and German Improved Fawn (GIF) goats. German Improved Fawn, originating from the French Alpine goats, and Saanen have almost similar yield and lactation length (Darcan and Güney, 2002) . Typical milk yield in full lactation of Alpine goats ranges between 2.03 and 2.08 kg/day, with 3.47-3.55% fat and 3.08% protein (Mioč et al., 2008) . Saanen goats are a dairy breed, which typically produce, during full lactation, 2.63-2.76 kg/day milk, with 3.25-3.35% fat and 3.01-3.05% protein. However, there is no comparison between these genotypes under the same feeding and climatic conditions for performances. In addition, rather limited information on eating behaviour of goats is available (Rossi et al., 1999a,b; Gorgulu et al., 2008) . The objective of the present study was to compare lactation performance and eating behaviour of GIF and S goats in subtropical climatic conditions of the eastern Mediterranean part of Turkey.
Material and Methods
The experiment was carried out from June 15, 2010 to the end of July 2010 in Adana Province in the eastern Mediterranean region of Turkey. The animals of this study were housed and maintained according to the approval of animal care and use of the Ethical Committee of Cukurova University. Climatic data were recorded in nearby climatic station. The Adana Province is characterised by high air temperature and humidity during the summer season. The average daily temperature during the experiment was The study was composed of eight GIF does in the third lactation, at 125.00±3.50 days postpartum, weighing 51.00±0.78 kg, which had twin kids, and eight S does in the third lactation, at 148.00±7.12 days postpartum, weighing 57.75±1.28 kg, also with twin kids. The goats were housed individually in 1.5 × 1.5-m pens. Each pen had one 0.4 × 2-m feeder and a 15-L bucket for fresh water.
The experiment lasted five weeks. Live weight change, milk yield, and feed intake were determined weekly after a training period of one week. On the last day of each week, the goats were allowed to consume all the feed to prevent sorting effect on diet composition and nutrient intake. Animals were milked by an automatic milking machine at 07.00 and 17.00 h and milk samples were taken from each milking and composed according to the relative milk yields. Total solids, fat, protein, lactose, casein, and urea-N contents in milk samples were determined with Milkoscan FT 120 milk analyser (FOSS Electric, Hillerd, Denmark).
The goats were fed twice daily (8.00-09.00 h and 14.00-15.00 h) with a diet containing 40% alfalfa hay and 60% concentrate composed of 4-mm pellets (Table 1) . Ad libitum intake was attained by supplying 5-10% of feed in excess to the amount consumed in the previous day; fresh water was available all times. The chemical compositions of feed ingredients were determined according to the AOAC (1998). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were analysed according to Van Soest et al. (1991) using the ANKOM fibre analyser (ANKOM, New York, USA).
The circadian eating patterns of the goats were recorded by a system that was developed for that purpose as follows: for each recording of individual eating behaviour, the feed was positioned on scales with capacity to weigh 30±0.005 kg. The scale was connected to a computer with serial multiplier from RS232. Based on weight changes over time, the system recorded meal size and meal length during 24 h with intervals of 5 s from a shift in balance weight. The measures above were calculated with a dedicated computer program. The system was composed of six scales and each 24-h measurement was carried out with three goats from each genotype. The eating behaviours of the goats were measured on alternative days throughout the experiment.
The eating patterns of the goats (eating rate, meal size, meal length, inter-meal interval, number of meals, and total eating duration) were determined for the two genotypes from the data obtained with the above-described recording system. In addition, the meal criterion was calculated. The meal criterion, which is the longest interval accepted as part of a meal, was calculated as the interval between visits to the feeders according to procedures described earlier (Tolkamp et al., 1998; Tolkamp and Kyriazakis, 1999; Yeates et al., 2001 ). We applied the three-population model to calculate meal criterion by nonlinear curve fitting of the pooled and log-transformed interval lengths (expressed in seconds) against feeding events (Yeates et al., 2001) .
The study was carried out in a completely randomised design. The weight changes and eating behaviour parameters were analysed by the one-way ANOVA and the weekly recorded data (feed intake, milk yield, milk production efficiency, and milk composition) were analysed by GLM with repeated measure analysis in SPSS package (Statistical Package for the Social Sciences, version 15). Week and week × genotype interaction were not significant for the evaluated data in repeated measure analyses. Differences were considered significant at P≤0.05. 
Results and Discussion
As detailed in the material and methods, the average THI in the present experiment was 74.88±0.17. McDowell and Woodward (1982) suggested that THI is a good indicator of stressful thermal climatic conditions. In general, THI values of 70 or less are considered comfortable, 75-78 stressful, and values higher than 78 are distressful because animals are unable to maintain thermoregulatory mechanisms or normal body temperature (Silanikove, 2000b) . Goats are better adapted to heat stress than cows and sheep (Silanikove, 2000a,b) . Silanikove (2000b) and AvendanoReyes et al., (2006) reported that the homoeothermic ability of dairy goats starts to be compromised when the THI exceeds 80. Silanikove and Koluman (2015) reported that milk yield of goats is not compromised at THI<80. It may be concluded that the present experiment was carried out under mild heat stress.
The two breeds did not differ in feed intake, milk yield, milk production efficiency, and weight changes. However, protein and casein contents in milk was lower in S than in the GIF goats (P<0.05) ( Table 2 ). Milk yield in goats depends on genotypes, parity, kidding season, stage of lactation, and nutritional conditions. Previous comparisons between S and German Fawn or Alpine goats were inconsistent. In some studies, milk yield of S was higher than in German Fawn (Norris et al., 2011; Mioč et al., 2008) , whereas in others, milk yield was lower in S than in German Fawn crossbreds or Alpine goats (Pambu et al., 2011; Silva et al., 2013) ; and in some, no differences in milk yield were found between the above-mentioned genotypes, or GIF goats (Darcan and Güney, 2002) . Milk yield of goats in the present study was measured while they were in mid-lactation. Milk yields were in the typically recorded range in these breeds. The similar milk yield in the two breeds found in the present experiment may be partially related to the fact that GIF goats had 23 days longer lactation period than S goats. It is well known that milk yield can decrease by 15-20% after peak of milk yield in goats.
The following reasoning may explain the differences in protein content in milk between breeds: milk yield and milk protein content usually decrease as lactation progresses. High milk production may be associated with lower milk protein concentration (Zygoyiannis, 1988; Norris et al., 2011) . Furthermore, Norris et al. (2011) reported that the protein content in Alpine goats was higher than in S, which is consistent with the present results.
Eating behaviour parameters significantly differed in the two genotypes in most parameters (P<0.01), except for total feed intake (P>0.05) and total activity (bouts) (P>0.05) ( Table 3 ). The S goats had higher meal criterion, meal size, meal length, inter-meal interval, total meal time, eating rate, and total activity than GIF goats. In similar studies, the following differences between GIF and S goats were found (Gorgulu et al., 2008 vs. Gorgulu et al., 2011 .05 g/min. The quantitative differences in eating behaviour parameters between the above-mentioned results and the ones of the present study are not surprising, as the goats used in those studies were in different physiological stage and the genotypes used were somewhat different. However, qualitatively, both studies showed that marked genotyperelated differences in the eating behaviour at similar stage of lactation are possible. In the present experiment, both breeds had similar total feed intake despite dissimilar eating behaviour. The lower number of meals of the S goats was compensated for by higher meal size, meal length, intermeal interval, and eating rate in comparison with the GIF goats. Consequently, despite different eating behaviour, both genotypes had similar feed intake. Fukasawa et al. (2005) reported that genetic differences among breeds may influence intake as well as the eating behaviour of animals. Variations in eating activity observed in goat breeds may result from differences in body size and oral morphology (Provenza et al. 2003) . In the present study, the genotypes had almost similar lactation stages, but the S goats had higher body weight than GIF. In support, Van Soest (1994) suggested that animal breeds with smaller body size may be more selective in their eating behaviour, whereas breeds with large body size may increase gastrointestinal retention time and digestive capacity. Furthermore, Caumul and Polly (2005) reported that body size may cause a variation of about 10% in skulls, 7% in mandibles, and 15% in molars among breeds. Thus, the differences in the proportions of eating behaviour may be explained by body size differences of the genotypes.
In the present experiment, marked differences in feeding activity between S and GIF goats when fed TMR containing 60% concentrate were not reflected in total feed intake and milk yield. Severe heat stress and poor nutrition affect negatively feed intake (Silanikove, 1992 (Silanikove, , 2000a . Thus, under harsher environmental conditions or with poorer feed quality, or under combination of both, the diverse eating behaviour of the different goat genotypes may provide advantage to the GIF breed.
Conclusions
German Improved Fawn goats have different eating behaviour in comparison with Saanen × Hair goats, which might be advantageous in animals exposed to severe heat stress and poor nutritional condition. However, these differences in eating behaviour are not reflected in feed intake and milk yields under good nutrition and mild heat stress condition.
